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(57) ABSTRACT

A silicon carbide vertical field effect transistor includes a
first-conductive-type silicon carbide substrate; a low-concen-
tration first-conductive-type silicon carbide layer formed on a
surface of the first-conductive-type silicon carbide substrate;
second-conductive-type regions selectively formed on a sur-
face of the first-conductive-type silicon carbide layer; first-
conductive-type source regions formed in the second-con-
ductive-type regions; a high-concentration second-
conductive-type region formed between the first-conductive-
type source regions in the second-conductive-type region; a
source electrode electrically connected to the high-concen-
tration second-conductive-type region and a first-conductive-
type source region; a gate insulating film formed from the
first-conductive-type source regions formed in adjacent sec-
ond-conductive-type regions, onto the second-conductive-
type regions and the first-conductive-type silicon carbide
layer; a gate electrode formed on the gate insulating film; and
a drain electrode on the back side of the first-conductive-type
silicon carbide substrate, wherein an avalanche generating
unit is disposed between the second-conductive-type region
and the first-conductive-type silicon carbide layer.

7 Claims, 3 Drawing Sheets
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SILICON CARBIDE VERTICAL FIELD
EFFECT TRANSISTOR

TECHNICAL FIELD

The present invention relates to a silicon carbide vertical
field effect transistor.

BACKGROUND ART

A silicon carbide vertical field effect transistor (see, e.g.,
Paten Document 1) such as a vertical MOS field effect tran-
sistor (MOSFET) is conventionally used with a semiconduc-
tor device as a switching device formed on a silicon carbide
substrate. Although a silicon carbide vertical MOSFET is
exemplarily illustrated and described as a silicon carbide
vertical field effect transistor in this description, this is, of
course, not a limitation of the present invention.

FIG 6 depicts a cross-sectional view of an N-channel
MOSFET, which is a conventional silicon carbide (hereinat-
ter abbreviated as “SiC”) field effect transistor.

An N-type SiC layer 2 is formed on a surface of an N-type
SiC substrate 1; multiple P-type regions 3 are formed on a
surface of the N-type SiC layer 2; an N-type source region 4
and a P-type contact region 5 are formed on a surface of the
P-type region 3; and a source electrode 8 is formed on sur-
faces of the N-type source region 4 and the P-type contact
region 5. A gate electrode 7 is formed via a gate insulating
film 6 on surfaces of the P-type regions 3 and the N-type SiC
layer 2 between the N-type source regions 5. A drain electrode
9 is formed on a back side.

FIG 7 is a cross-sectional view of another N-channel MOS-
FET formed by using a P-type SiC layer on a surface. The
N-type SiC layer 2 is formed on a surface of the N-type SiC
substrate 1 and multiple P-type regions 10 are formed on a
surface of the N-type SiC layer 2. A P-type SiC layer 11 is
further formed on the surface. An N-type region 12 is formed
in the P-type SiC layer 11 on the N-type SiC layer 2 where the
P-typeregion 10 s not formed; the N-type source region 4 and
the P-type contact region 5 are formed on a surface of the
P-type silicon carbide region 11; and the source electrode 8 is
formed on surfaces of the N-type source region 4 and the
P-type contactregion 5. The gate electrode 7 is formed via the
gate insulating film 6 on surfaces of the P-type regions 3 and
the N-type silicon carbide layer between the N-type source
regions 5. The drain electrode 9 is formed on the back side.

In the MOSFETs of the structures depicted in FIGS. 6 and
7, and if voltage less than or equal to a gate threshold value is
applied to the gate electrode 7 while positive voltage is
applied to the drain electrode 9 relative to the source electrode
8, PN-junction between the P-type region 3 and the N-type
SiC layer 2, or the P-type SiC layer 11 and the N-type region
12 is inversely-biased and therefore, no current flows.

On the other hand, if voltage greater than or equal to the
gate threshold value is applied to the gate electrode 7, the
formation of an inversion layer on the surface of the P-type
region 3 or the P-type SiC layer 11 immediately below the
gate electrode 7 causes current to flow and therefore, the
switching operation of the MOSFET can be achieved by the
voltage applied to the gate electrode 7.

However, if high voltage is applied to the drain electrode,
particularly when the MOSFET is turned off, high voltage is
applied to the drain electrode. In this case, if a large electric
field is applied to the gate insulating film, insulation break-
down of the gate insulating film may occur or the reliability of
the gate insulating film may significantly be reduced.

Patent Document 1: Japanese Laid-Open Patent Publica-
tion No. H11-121748
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2
DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

A problem to be solved by the present invention is to realize
a silicon carbide vertical field effect transistor that can
improve breakdown resistance of a gate insulating film since
a large electric field is not applied to the gate insulating film
when high voltage is applied to a drain electrode.

Means for Solving Problem

The problem is solved by the following silicon carbide
vertical field effect transistors.

(1) A silicon carbide vertical field effect transistor that
includes a first-conductive-type silicon carbide substrate; a
low-concentration first-conductive-type silicon carbide
layer formed on a surface of the first-conductive-type sili-
con carbide substrate; second-conductive-type regions
selectively formed on a surface of the first-conductive-type
silicon carbide layer; first-conductive-type source regions
formed in the second-conductive-type regions; a high-con-
centration second-conductive-type region formed between
the first-conductive-type source regions in the second-con-
ductive-type region; a source electrode electrically con-
nected to the high-concentration second-conductive-type
region and a first-conductive-type source region among the
first-conductive-type source regions; a gate insulating film
formed from the first-conductive-type source regions
formed in the second-conductive-type regions that are
adjacent, onto the second-conductive-type regions and the
first-conductive-type silicon carbide layer; a gate electrode
formed on the gate insulating film; and a drain electrode on
a back side of the first-conductive-type silicon carbide
substrate, where an avalanche generating unit is disposed
between the first-conductive-type silicon carbide layer and
each of the second-conductive-type regions.

(2) A silicon carbide vertical field effect transistor that
includes a first-conductive-type silicon carbide substrate; a
low-concentration first-conductive-type silicon carbide
layer formed on a surface of the first-conductive-type sili-
con carbide substrate; second-conductive-type regions
selectively formed on a surface of the first-conductive-type
silicon carbide layer; first-conductive-type source regions
formed in the second-conductive-type regions; a high-con-
centration second-conductive-type region formed between
the first-conductive-type source regions in the second-con-
ductive-type region; a source electrode electrically con-
nected to the high-concentration second-conductive-type
region and a first-conductive-type source region among the
first-conductive-type source regions; a gate insulating film
formed from the first-conductive-type source regions
formed in the second-conductive-type regions that are
adjacent, onto the second-conductive-type regions and the
first-conductive-type silicon carbide layer; a gate electrode
formed on the gate insulating film; and a drain electrode on
a back side of the first-conductive-type silicon carbide
substrate, where a high-concentration second-conductive-
type region is formed under the second-conductive-type
region.

(3) A silicon carbide vertical field effect transistor that
includes a first-conductive-type silicon carbide substrate; a
low-concentration first-conductive-type silicon carbide
layer formed on a surface of the first-conductive-type sili-
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con carbide substrate; second-conductive-type regions
selectively formed on a surface of the first-conductive-type
silicon carbide layer; first-conductive-type source regions
formed in the second-conductive-type regions; a high-con-
centration second-conductive-type region formed between
the first-conductive-type source regions in the second-con-
ductive-type region; a source electrode electrically con-
nected to the high-concentration second-conductive-type
region and a first-conductive-type source region among the
first-conductive-type source regions; a gate insulating film
formed from the first-conductive-type source regions
formed in the second-conductive-type regions that are
adjacent, onto the second-conductive-type regions and the
first-conductive-type silicon carbide layer; a gate electrode
formed on the gate insulating film; and a drain electrode on
a back side of the first-conductive-type silicon carbide
substrate, where a portion of the second-conductive-type
region is shallowly formed.

(4) A silicon carbide vertical field effect transistor that
includes a first-conductive-type silicon carbide substrate; a
low-concentration first-conductive-type silicon carbide
layer formed on a surface of the first-conductive-type sili-
con carbide substrate; a second-conductive-type region
selectively formed on a surface of the first-conductive-type
silicon carbide layer; second-conductive-type silicon car-
bide layers formed on surfaces of the first-conductive-type
silicon carbide layer and the second-conductive-type
region; a first-conductive-type region selectively formed
on the first-conductive-type silicon carbide layer in the
second-conductive-type silicon carbide layers; first-con-
ductive-type source regions formed in the second-conduc-
tive-type silicon carbide layers; a high-concentration sec-
ond-conductive-type region formed between the first-
conductive-type source regions in the second-conductive-
type silicon carbide layers; a source electrode electrically
connected to the high-concentration second-conductive-
type region and a first-conductive-type source region
among the first-conductive-type source regions; a gate
insulating film formed from the first-conductive-type
source regions formed in the second-conductive-type sili-
con carbide layers that are adjacent, onto the second-con-
ductive-type silicon carbide layers and the first-conduc-
tive-type region; a gate electrode formed on the gate
insulating film; and a drain electrode on a back side of the
first-conductive-type silicon carbide substrate, where the
high-concentration second-conductive-type region is
formed under the second-conductive-type region formed in
the first-conductive-type silicon carbide layer.

(5) A silicon carbide vertical field effect transistor that
includes a first-conductive-type silicon carbide substrate; a
low-concentration first-conductive-type silicon carbide
layer formed on a surface of the first-conductive-type sili-
con carbide substrate; a second-conductive-type region
selectively formed on a surface of the first-conductive-type
silicon carbide layer; second-conductive-type silicon car-
bide layers formed on surfaces of the first-conductive-type
silicon carbide layer and the second-conductive-type
region; a first-conductive-type region selectively formed
on the first-conductive-type silicon carbide layer in the
second-conductive-type silicon carbide layers; first-con-
ductive-type source regions formed in the second-conduc-
tive-type silicon carbide layers; a high-concentration sec-
ond-conductive-type region formed between the first-
conductive-type source regions in the second-conductive-
type silicon carbide layers; a source electrode electrically
connected to the high-concentration second-conductive-
type region and a first-conductive-type source region
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4

among the first-conductive-type source regions; a gate
insulating film formed from the first-conductive-type
source regions formed in the second-conductive-type sili-
con carbide layers that are adjacent, onto the second-con-
ductive-type silicon carbide layers and the first-conduc-
tive-type region; a gate electrode formed on the gate
insulating film; and a drain electrode on a back side of the
first-conductive-type silicon carbide substrate, where a
portion of the second-conductive-type region formed in the
first-conductive-type silicon carbide layer is shallowly
formed.

(6) A silicon carbide vertical field effect transistor that
includes a first-conductive-type silicon carbide substrate; a
low-concentration first-conductive-type silicon carbide
layer formed on a surface of the first-conductive-type sili-
con carbide substrate; a second-conductive-type region
selectively formed on a surface of the first-conductive-type
silicon carbide layer; second-conductive-type silicon car-
bide layers formed on surfaces of the first-conductive-type
silicon carbide layer and the second-conductive-type
region; a first-conductive-type region selectively formed
on the first-conductive-type silicon carbide layer in the
second-conductive-type silicon carbide layers; first-con-
ductive-type source regions formed in the second-conduc-
tive-type silicon carbide layers; a high-concentration sec-
ond-conductive-type region formed between the first-
conductive-type source regions in the second-conductive-
type silicon carbide layers; a source electrode electrically
connected to the high-concentration second-conductive-
type region and a first-conductive-type source region
among the first-conductive-type source regions; a gate
insulating film formed from the first-conductive-type
source regions formed in the second-conductive-type sili-
con carbide layers that are adjacent, onto the second-con-
ductive-type silicon carbide layers and the first-conduc-
tive-type region; a gate electrode formed on the gate
insulating film; and a drain electrode on a back side of the
first-conductive-type silicon carbide substrate, where the
second-conductive-type region formed in the first-conduc-
tive-type silicon carbide layer is formed to extend under a
first-conductive-type region among the first-conductive-
type regions formed in the second-conductive-type silicon
carbide layer.

EFFECT OF THE INVENTION

According to the present invention, by causing an ava-
lanche to occur under the high-concentration P-type region or
in aregion formed as a thin layer when high voltage is applied
to the drain electrode, a large electric field is no longer applied
to the gate insulating film, thereby enabling improvement in
the breakdown resistance of the gate insulating film at the
time of occurrence of the avalanche and enabling improve-
ment in the reliability of the gate insulating film.

BRIEF DESCRIPTION OF DRAWINGS

FIG 1 depicts a cross-sectional view of a MOSFET struc-
ture according to a first embodiment of the present invention;

FIG 2 depicts a cross-sectional view of a MOSFET accord-
ing to a second embodiment of the present invention;

FIG 3 depicts a cross-sectional view of a MOSFET accord-
ing to a third embodiment of the present invention;

FIG 4 depicts a cross-sectional view of a MOSFET accord-
ing to a fourth embodiment of the present invention;

FIG 5 depicts a cross-sectional view of a MOSFET accord-
ing to the fifth embodiment of the present invention;



US 9,184,230 B2

5
FIG 6 depicts a cross-sectional view of a conventional
MOSFET; and
FIG 7 is a cross-sectional view of another conventional
MOSFET.

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

Assilicon carbide vertical field effect transistor according to
the present invention will be described in detail by exemplar-
ily illustrating first to fifth embodiments.

The present invention is not limited to the following first to
fifth embodiments and various design changes can be made
without departing from the spirit of the present invention.
First Embodiment

FIG 1 depicts a cross-sectional view of a MOSFET struc-
ture according to the first embodiment of the present inven-
tion. Although a first conductive type is an N-type and a
second conductive type is a P-type in the embodiments, the
conductive types can be reversely formed.

InFIG 1, an N-type SiC layer 2 is formed on a surface of an
N-type SiC substrate 1 and multiple P-type regions 3 are
formed on a surface of the N-type SiC layer 2.

AnN-type source region 4 and a P-type contact region 5 are
formed on a surface of the P-type region 3. A source electrode
8 is formed on surfaces of the N-type source region 4 and the
P-type contact region 5.

A high-concentration P-type region 21 is formed under the
P-type region 3. A gate electrode 7 is formed, via a gate
insulting film 6, on surfaces of the P-type regions 3 and the
N-type SiC layer 2 interposed between the N-type source
region 4 on the surface of the P-type region 3 and an N-type
source region 4 on a surface of a P-type region 3 different
from the P-type region 3, and a drain electrode 9 is formed on
a back side.

A MOSFET having the structure of the first embodiment
can be turned on by applying voltage greater than or equal to
athreshold voltage, to the gate electrode to form an inversion
layer on the surface of the P-type region as is the case with a
conventional MOSFET.

The MOSFET formed in this way causes an avalanche to
occur in a PN junction portion between the low-concentration
N-type SiC layer 2 and the P-type region 21 with high voltage
applied to the drain electrode and this prevents a large electric
field from being applied to the gate oxide film, thereby
enabling improvement in the insulation breakdown resistance
of'the gate insulating film when high voltage is applied to the
drain electrode and enabling improvement in the reliability of
the gate insulating film.

Second Embodiment

FIG 2 depicts a cross-sectional view of a MOSFET accord-
ing to a second embodiment of the present invention. The
N-type SiC layer 2 is formed on a surface of the N-type SiC
substrate 1 and multiple P-type regions 10 are formed on the
surface of the N-type SiC layer 2. A P-type SiC layer 11 is
further formed on the surface. An N-type region 12 is formed
in the P-type SiC layer 11 to reach the N-type SiC layer 2.

The N-type source region 4 and the P-type contact region 5
are formed on a surface of the P-type SiC region 11. The
source electrode 8 is formed on the surfaces of the N-type
source region 4 and the P-type contact region 5.

A high-concentration P-type region 21 is formed under the
P-type region 10. A gate electrode 7 is formed, via a gate
insulting film 6, on surfaces of the P-type SiC layer 11 and
N-type region 12 interposed between the N-type source
region 4 on the surface of a P-type SiC layer 11 and an N-type
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source region 4 on a surface of another P-type SiC layer 11
different from the P-type SiC layer 11, and a drain electrode
9 is formed on a back side.

The MOSFET formed in this way also causes an avalanche
to occur in the PN-junction portion between the low-concen-
tration N-type SiC layer 2 and the P-type region 21 when high
voltage is applied to the drain electrode without a large elec-
tric field being applied to the gate oxide film, resulting in the
insulation breakdown resistance and the reliability of the gate
insulating film exhibiting the same characteristics as the first
embodiment.

Third Embodiment

FIG 3 depicts a cross-sectional view of a MOSFET accord-
ing to a third embodiment of the present invention.

Although the basic structure is the same as the first embodi-
ment, a difference from the first embodiment is in that a thin
P-type region 22 is formed in a portion of the P-type region 3
without forming the high-concentration P-type region 21.

The MOSFET formed in this way also causes an avalanche
to occur in the PN junction portion between the low-concen-
tration N-type SiC layer 2 and the thin P-type region 22 when
high voltage is applied to the drain electrode without a large
electric field being applied to the gate oxide film, resulting in
the insulation breakdown resistance and the reliability of the
gate insulating film exhibiting the same characteristics as the
first embodiment.

Fourth Embodiment

FIG 4 depicts a cross-sectional view of a MOSFET accord-
ing to a fourth embodiment of the present invention.

Although the basic structure is the same as the second
embodiment, a difference from the second embodiment is in
that a thin P-type region 22 is formed in a portion of the P-type
region 10 without forming the high-concentration P-type
region 21.

The MOSFET formed in this way also causes an avalanche
to occur in the PN junction portion between the low-concen-
tration N-type SiC layer 2 and the thin P-type region 22 when
high voltage is applied to the drain electrode without a large
electric field being applied to the gate oxide film, resulting in
the insulation breakdown resistance and the reliability of the
gate insulating film exhibiting the same characteristics as the
first embodiment.

Fifth Embodiment

FIG 5 depicts a cross-sectional view of a MOSFET accord-
ing to the fifth embodiment of the present invention.

Although the basic structure is the same as the second
embodiment, a difference from the second embodiment is in
that the P-type region 10 is formed to extend to the underside
of'the N-type region 12 without forming the high-concentra-
tion P-type region 21.

The MOSFET formed in this way also causes an avalanche
to occur in the PN junction portion between the low-concen-
tration N-type SiC layer 2 and the P-type region 10 extended
to the underside of the N-type region 12 when high voltage is
applied to the drain electrode without a large electric field
being applied to the gate oxide film, resulting in the insulation
breakdown resistance and the reliability of the gate insulating
film exhibiting the same characteristics as the first embodi-
ment.

EXPLANATIONS OF LETTERS OR NUMERALS

1 N-type SiC substrate
2 N-type SiC layer

3 P-type region

4 N-type source region
5 P-type contact region
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6 gate insulting film

7 gate electrode

8 source electrode

9 drain electrode

10 P-type base region

11 P-type SiC layer

12 N-type region

21 high-concentration P-type region

22 thin P-type region

The invention claimed is:

1. A silicon carbide vertical field effect transistor compris-
ing:

a first-conductive-type silicon carbide substrate;

a low-concentration first-conductive-type silicon carbide
layer formed on a surface of the first-conductive-type
silicon carbide substrate;

second-conductive-type regions selectively formed on a
surface of the low-concentration first-conductive-type
silicon carbide layer;

first-conductive-type source regions formed in the second-
conductive-type regions;

a high-concentration second-conductive-type region
formed between the first-conductive-type source
regions on the second-conductive-type region;

a source electrode electrically connected directly to the
high-concentration second-conductive-type region and
a first-conductive-type source region among the first-
conductive-type source regions;

a gate insulating film formed from a first first-conductive-
type source region to an adjacent second first-conduc-
tive-type source region of the first-conductive-type
source regions and over a respective first second-con-
ductive-type region and a respective second second-con-
ductive-type region of the second-conductive-type
regions and over the first-conductive-type silicon car-
bide layer;

a gate electrode formed on the gate insulating film;

adrain electrode on a back side of the first-conductive-type
silicon carbide substrate, wherein

a second high-concentration second-conductive-type
region is disposed between the first-conductive-type
silicon carbide layer and each of the second-conductive-
type regions;

a width of the second high-concentration second-conduc-
tive-type region is smaller than that of the second-con-
ductive-type regions; and,

the second high-concentration second-conductive-type
region overlaps the high-concentration second-conduc-
tive-type region.

2. The silicon carbide vertical field effect transistor accord-

ing to claim 1, wherein

a high-concentration second-conductive-type region is
formed under the second-conductive-type region.

3. Thessilicon carbide vertical field effect transistor accord-

ing to claim 1, wherein

a portion of the second-conductive-type region is shal-
lowly formed.

4. The silicon carbide vertical field effect transistor accord-
ing to claim 1, wherein the gate electrode is free of direct
overlap with the high-concentration second-conductive-type
region.

5. A silicon carbide vertical field effect transistor compris-
ing:

a first-conductive-type silicon carbide substrate;

a low-concentration first-conductive-type silicon carbide

layer formed on a surface of the first-conductive-type
silicon carbide substrate;
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8

a second-conductive-type region selectively formed on a
surface of the low-concentration first-conductive-type
silicon carbide layer;

second-conductive-type silicon carbide layers formed on
surfaces of the first-conductive-type silicon carbide
layer and the second-conductive-type region;

a first-conductive-type region selectively formed on the
first-conductive-type silicon carbide layer in the second-
conductive-type silicon carbide layers;

first-conductive-type source regions formed in the second-
conductive-type silicon carbide layers;

a high-concentration second-conductive-type region
formed between the first-conductive-type source
regions in the second-conductive-type silicon carbide
layers;

a source electrode electrically connected to the high-con-
centration second-conductive-type region and a first-
conductive-type source region among the first-conduc-
tive-type source regions;

a gate insulating film formed from a first first-conductive-
type source region to an adjacent second first-conduc-
tive-type source region of the first-conductive-type
source regions and over a respective first second-con-
ductive-type region and a respective second second-con-
ductive-type region of the second-conductive-type sili-
con carbide layers and over the first-conductive-type
region;

a gate electrode formed on the gate insulating film; and

adrain electrode on a back side of the first-conductive-type
silicon carbide substrate, wherein

the high-concentration second-conductive-type region is
formed under the second-conductive-type region
formed in the first-conductive-type silicon carbide layer.

6. A silicon carbide vertical field effect transistor compris-

ing:

a first-conductive-type silicon carbide substrate;

a low-concentration first-conductive-type silicon carbide
layer formed on a surface of the first-conductive-type
silicon carbide substrate;

a second-conductive-type region selectively formed on a
surface of the low-concentration first-conductive-type
silicon carbide layer;

second-conductive-type silicon carbide layers formed on
surfaces of the first-conductive-type silicon carbide
layer and the second-conductive-type region;

a first-conductive-type region selectively formed on the
first-conductive-type silicon carbide layer in the second-
conductive-type silicon carbide layers;

first-conductive-type source regions formed in the second-
conductive-type silicon carbide layers;

a high-concentration second-conductive-type region
formed between the first-conductive-type source
regions in the second-conductive-type silicon carbide
layers;

a source electrode electrically connected to the high-con-
centration second-conductive-type region and a first-
conductive-type source region among the first-conduc-
tive-type source regions;

a gate insulating film formed from a first first-conductive-
type source region to an adjacent second first-conduc-
tive-type source region of the first-conductive-type
source regions and over a respective first second-con-
ductive-type region and a respective second second-con-
ductive-type region of the second-conductive-type sili-
con carbide layers and over the first-conductive-type
region;

a gate electrode formed on the gate insulating film; and
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adrain electrode on a back side of the first-conductive-type
silicon carbide substrate, wherein

a portion of the second-conductive-type region formed in
the first-conductive-type silicon carbide layer is shal-
lowly formed.

7. A silicon carbide vertical field effect transistor compris-
ing:

a first-conductive-type silicon carbide substrate;

a low-concentration first-conductive-type silicon carbide

layer formed on a surface of the first-conductive-type
silicon carbide substrate;

a second-conductive-type region selectively formed on a
surface of the low-concentration first-conductive-type
silicon carbide layer;

second-conductive-type silicon carbide layers formed on
surfaces of the first-conductive-type silicon carbide
layer and the second-conductive-type region;

a first-conductive-type region selectively formed on the
first-conductive-type silicon carbide layer in the second-
conductive-type silicon carbide layers;

first-conductive-type source regions formed in the second-
conductive-type silicon carbide layers;

10
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a high-concentration second-conductive-type region
formed between the first-conductive-type source
regions in the second-conductive-type silicon carbide
layers;

a source electrode electrically connected to the high-con-
centration second-conductive-type region and a first-
conductive-type source region among the first-conduc-
tive-type source regions;

a gate insulating film formed from a first first-conductive-
type source region to an adjacent second first-conduc-
tive-type source region of the first-conductive-type
source regions and over a respective first second-con-
ductive-type region and a respective second second-con-
ductive-type region of the second-conductive-type sili-
con carbide layers and over the first-conductive-type
region;

a gate electrode formed on the gate insulating film; and

adrain electrode on a back side of the first-conductive-type
silicon carbide substrate, wherein

the second-conductive-type region formed in the first-con-
ductive-type silicon carbide layer is formed to extend
under a first-conductive-type region among the first-
conductive-type regions formed in the second-conduc-
tive-type silicon carbide layer.

#* #* #* #* #*



